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ABSTRACT 

We present stellar parameters of 19 K-type giants and their abundances of 13 
chemical elements (Al, Ba, Ca, Fe, K, Mg, Mn, Na, Ni, Sc, Si, Ti and V), selected 
from two moving groups, covering the metaUicity range of -0.6 < [Fe/H] < 0.2, based 
on high resolution spectra. Most elemental abundances show similar trends with pre- 
vious studies except for Al, Na and Ba, which are affected by evolution seriously. The 
abundance ratios of [Na/Mg] increase smoothly with higher [Mg/H] and [Al/Mg] de- 
crease slightly with increasing [Mg/H]. [Mg/Ba] show distinction between these two 
moving groups which is mainly induced by chemical evolution and partly by kinematic 
effects. The inhomogeneous metallicity of each star from the moving groups demon- 
strate that these stars have different chemical origins before they were kinematically 
aggregated and favor the dynamical resonant theory. 
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1 INTRODUCTION 

Research on rtiovinK grou ps can be traced back into a cen- 
tury ago, IProctoiJ (|l869l ) discovered two clearest moving 
groups in the solar neighborhood (Hyades and Ursa Ma- 
jor), which were the only ones known near Earth for n early 
100 years. Since data of the Hipparcors Satellite (|ESA| 
[l997|) which consist of accurate parallaxes and proper mo- 
tions were available, the study of moving groups in the 
solar vicinity has made great progress. Productive mov- 
ing groups were identified by their coherent kinematic 
structures like Pleiades, Ursa, Hyades, Hercules, IC2391 , 
Coma, HR1614 Moving group and so on (IChen et al. 1997 : 



Dehnenlig gg: Fam aev et al.ll200^ . 2008: D e Silva et al.ll2007 



Klement et al.. .2008. ) . Recent work by 



Antoia et al .20081 : 

Zhao et al.l (120091 ) identified 22 moving group candidates 
with the new l y-deve loped wavelet transform technique by 
ISkulian et al.l l|l999r ). Although these statistical studies of 
large samples of stars have confirmed the existence of mov- 
ing groups, their origins and e volution still remain unclear. 
According to lEggenI (|l996l ). moving groups are the mid- 
step between stars in open clusters and field stars. As open 
clusters are disrupted by the gravitational effects, their asso- 
ciations stretch into a tube- like structure around the Galac- 
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tic plane and dissolve into the background after several 
Galactic orbits. This hypothesis that moving groups are a 
result of the dispersion of stellar clusters was restricted to 
young groups of stars with ages less than 1 Gyr, as disk 
heating and differential Galactic rotation would have dis- 
solved older groups among the field stars. Another theo- 
retical hypothesis in favour of different dynam i cal o rigins 
of moving gro u ps were put fo rward by iMavon (|l972l ) and 
iKalnaid ( 19911 ) . iDehnenI (|l998r ) pointed out that most mov- 
ing groups observed in the solar vicinity could be formed by 
orbital resonances, related to the Galactic sp iral structure, 
comb ined with initia l velocities of t he stars ijSkulian et al.l 
Il999l ). The works bv lFamaev et all l|2005l . |2007| ) observed a 
very wide range of ages for each of kinematic structures in 
their H-R diagram and found that the Hyades moving group 
is mixed by stars evaporated from the Hyades cluster and 
a group of older stars trapped at a resonance. Those minor 
kinemat ic groups are relat ed to the accretion events in the 
Galaxy IjHelmi et al.l 120061 ). Nowadays, the second hypoth- 
esis with resonant mechanism is considered t o be the most 
plaus ible explanation for most moving groups (jAntoia et al.l 
l2008t ). 

It is crucial to investigate the chemical composition of 
stars from the moving groups to better understand the ori- 
gins and evolutionary histories of these groups and give rise 
to new clues and theories of such kinematic structures. There 
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Figure 1. Color magnitude diagram of our sample. Filled rectan- 
gles: dwarfs of moving group 6, open rectangles: dwarfs of moving 
group 7, filled triangles: giants of moving group 6, open triangles: 
giants of moving group 7, filled circles: our sample stars of moving 
group 6, open circles: our sample stars of moving group 7. 



have been only a few works analyzing abundances other than 
iron of moving group stars with high resolution spectra in 
recent years. This paper focuses on the discussion of 13 ele- 
mental abundances of 19 K-type giants from moving group 
6 and 7, identified bv lZhao et alj l|2009r ). which have oppo- 
site U-velocity. We analyze the discrepancy of abundances 
between these two moving groups and discuss the effects of 
their chemical evolution and kinematic structures. Section [2] 
presents the stellar sample and observations. The stellar at- 
mospheric parameters are described in Section [S] Section [4] 
derives the elemental abundances of our sample stars and 
estimates the uncertainties while detailed analysis and dis- 
cussions of the results are given in Section [5] Section [6] sum- 
marizes the conclusion of this paper. 



2 SAMPLE SELECTION AND OBSERVATIONS 

Our o bservation targets were selected from moving group 6 
and 7 IjZhao et al.ll2009h . primarily depending on the Galac- 
tic space- velocity components (U, V, and W). The stars from 
group 6 have the mean velocity of (38, -20, -15) km s^^ 
while the mean motions of group 7 are (-57, -45, -16) km 
s~^. These two moving groups have opposite directions of 
velocities towards the Galactic center, indicating their dif- 
ferent locations on the Galactic disk. 19 K-type giants from 
the two moving groups (9 stars from moving group 6 and 
10 stars from moving group 7) were observed. The color- 
magnitude diagram of our bright and cool sample stars are 
shown in F i gurefl] as well as the whole sample stars from 
IZhao et al.l lJ2009l v 

The observ ations were carried out with BOES 
l|Kim et al.l 120071 ) attached to the 1.8 m telescope at Bo- 
hyunsan Optical Astronomy Observatory (BOAO) in two 
nights: 2009 March 1 and March 4. We used a 2K x 4K 
CCD with wavelength coverage of 3700 ~ 9250 A and set 
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Figure 2. Examples of spectra obtained with BOES at BOAO 
for HD15176 {T^ff = 4556 K, log g = 2.44, [Fe/H] = -0.09) and 
HD33862 {T^ff = 4776 K, log g = 2.60, [Fe/H] = -0.25) with 
SNR ~ 180. 



the spectral resolution of BOES to be about 45000, corre- 
sponding to the 200 nm fiber. The average signal-to-noise 
ratio (SNR) of most stars turned out to be in the range of 
100 ~ 200, except for HD44412, which has SNR of 80 due 
to the bad weather. Figure[2] shows the portions of spectra 
for two typical stars HD15176 and HD33862. 

The spectra were reduced with standard IRAF pipeline 
for bias subtraction, flat-fielding, scattered-light subtrac- 
tion, spectral extraction and wavelength calibration. Then 
we used MIDAS program for continuum normalization. We 
obtained the radial velocity by cross-correlation method 
with a standard spectrum. Finally, we calculated the equiv- 
alent widths by two methods. For intermediate-strong lines, 
we fltted the line profiles with a Gaussian function. The 
direct integration was used for strong unblended lines. We 
discarded some strong lines {EW > 110 mA for Fel lines 
and EW > 150 mA for Nil and Cal lines) which are less 
sensitive to abundances. 

The validity of equivalent width measurements were 
checked by comparing them to the previous independent 
work bv lTakeda et al.l 1 20081 ). whose spectra were taken from 
OAO/HIDES, which have resolution of about 67000 and 
SNR of 100 ~ 300 for a common star: HD61363 on Fig- 
ureO The systematic differences between the two sets of 
EWs are given by a linear least square fitting function with 
standard deviation of 3.6 mA: EWthis work = 1-13 -I- 1.016 

EWvakedaOH (mA). 



3 STELLAR ATMOSPHERIC PARAMETERS 

The effective temperature T^ff of our sample stars is deter- 
mined from the [B — V) and {V — K) p hotometric data us- 
ing the empirical calibration relations bv lAlonso et al.l (|l999l . 
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where M is the stellar mass and Mtoi is the bolometric mag- 
nitude. 
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Fig ure 3. Compar i son of equivalent widths measured in tiiis work 
with iTakeda et alj 1120081 ) for the common star. The thick line 
represents one-to-one relation while the dashed line is the linear 
fit to the points. 



l200lh . The B,V,K color indices are obtained from SIMBAD 
database. 

We adopt the reddening estimation descr ibed by 
ISchleeel et ail j 19981 ) :lArcc & Goodman (1999); B eers et all 
l|2002h to obtain the color excess E{B — V)a- For nearby 
stars, the reddening value is calculated as E{B — V) — 
[l — exp{—\Dsinb\/125)]E{B — V)A, where D is the distance 
of the star and 6 is the Galactic latitude. Then we adopt 
E(V - K) = 2M8E (B - V) as color excess for {V - K) 
(|Schlegel et al.ll 19981 ). 

We compare the results derived from [B — V) and 
{V — K), except for HD26526, which has no K value. The 
mean difference < Teff{B -V) - Teff{V - K) > is 18 ± 
90 K. We also get the excitation equilibrium temperature 
by forcing a consistent iron abundance derived from differ- 
ent Fel lines with their excitation potentials and compare 
the results with those obtained from (V — K). The mean 
difference < Te//(eq) - Teff{V - is') > is 40 ± 87 K. We 
plot the results with comparison in Figure|4^, which show 
no systematic effect between these methods. Table [T] lists 
Teff derived by photometric and equilibrium methods for 
our sample stars. 

The uncertain ty on Tg f f (B—V) is e stimated to be about 
100 K according to lAlonso et al.l ([1999|). The errors on effec- 
tive temperature derived from {V — K) mainly come from 
the uncertainties on K indices which induce the mean error 
of 105 K, a b it lar ger than the error estimation given by 
lAlonso et al.l (| 19991 ). We also estimate the uncertainty on 
equilibrium temperature to be around 100 K by adding per- 
turbations of Te// to change the slope within a considerable 
range. 

Surface gravity (log g) is determined by: 



Mboi = V -f BC -f 5 log TT -f 5 - A„ 



(2) 



logg = log50+log (^r5-)+4 log (-^^^] 



hOA{Mtoi-Mtoi,Q){l) 



where V, BC, n, Ay represent the apparent magnitude, 
bolometric correction, parallax, and interstellar extinction, 
respectively. The parallaxes are also taken from SIMBAD. 
The stellar mass es are estimat ed from Yale-Yonsei stellar 
evolution tracks IjYi et al.l 120031 ). Interstellar extinction are 
adopted by A^ = 3AE{B — V). The bolometric corrections 
are deri ved with estimated effective temperatures and metal- 
licities (lAlonso et al.lll999i ). 

We also determine log g by forcing Fel and Fell lines 
to give the same iron abundance. We compare the results 
between two methods on FigureSJj, the mean difference is 
0.10 ± 0.26 dex. Most stars follow the one-to-one relation, 
while a few stars deviate significantly so that we adopt the 
latter values for them. The deviation of abundances derived 
from Fel and Fell lines with adopted log g are plotted in 
Figure 3};. 

The error on the surface gravity comes from the un- 
certainty on parallaxes and error on mass estimation. The 
mean uncertainty on log g caused by the relative errors on 
parallaxes is 0.085 dex for our sample stars. We estimate the 
uncertainty on stellar mass to be about 0.3 MQ by compar- 
ing the discrepancy between our deri ved mass with whic h 
estimated from the evolution tracks of lGirardi et al.l (|2000|), 
that will induce uncertainty of about 0.12 dex in log g. The 
overall error on log g is about 0.15 dex, which is consistent 
with the error estimated by the second method. 

The microturbulence, st, is determined by requiring a 
zero slope relation between logApg and EW. Only those 
Fe I hues with 10 mA < EW < 110 mA are adopted. The 
uncertainty on microturbulence is estimated to be about 0.2 
km s~^. 

The initial metallicity for our stars are set to the value 
of [Fe/H] =0.0. We adopt the final results by iterating the 
whole processes of determining the atmospheric parameters 
Teff, log g, Et and [Fe/H] for several times to make them 
consistent. We also set the original [Fe/H] to -1.0 and repeat 
the same procedures to check the consistency of the results. 
A typical difference of final metallicity results is about 0.03 
dex for distinct original values. The final adopted stellar 
parameters for our sample stars are presented in Table [l] 



4 ABUNDANCES AND ERROR ESTIMATION 

The atomic lines selected for this research cover the spectral 
range of 5300 ~ 8000 A. The logg/ values for these lines are 
taken from some references. M ost of our atomi c line d ata are 
taken from IChen et al.1 (|200G| ) and iLiu et a l* (200t). For a 
few V I lines, the line date are chosen from [Allen & Barbuvl 
(|2006l ). We empirically ado pt the enhanceme nt factor 7 of 
each element as described bv lChen et al.l (|200Q ). The atomic 
line data used for each star are listed in Table 6, which is only 
available in the electronic version (see the Supplementary 
Material section). The same atomic line data are adopted to 
obtain solar abundances and our final results are differential 
values relative to the Sun. 

We calculate the metal abundances with AB0NTEST8 
program supplied by Dr. Pierre Magain (Liege, Belgium) 
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Table 1. Stellar parameters of sample stars. 
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Figure 4. (a): Comparison of effective temperatures derived by 
ptiotometric and equilibrium methods, filled triangles: T^ff{B — 
V), open triangles: Tgff{V — K). (b): Comparison of surface grav- 
ities derived by parallaxes and ionization balance of Fel and Fell 
lines, (c): Abundance deviations derived from Fell and Fel lines 
versus metallicity, filled circles: moving group 6, open circles: mov- 
ing group 7, asterisk: HD44412. 





derived Tf,ff 




adopted paramet 


3rs 


HD 


rpB-V 

^eff 


rpV-K 

^eff 


rpeq 


Teff 


logs 


et 


[Fe/H] 


15176 


4604 


4556 


4605 


4556 


2.437 


1.3 


-0.09 


26526 


3810 




3840 


3810 


0.521 


1.3 


-0.54 


33862 


4818 


4776 


4836 


4776 


2.599 


1.4 


-0.25 


34303 


4845 


4854 


4735 


4735 


3.160 


1.1 


0.15 


40331 


4375 


4263 


4288 


4263 


1.896 


1.5 


-0.22 


44412 


3846 


3792 


3770 


3770 


0.635 


1.9 


-0.59 


48073 


4842 


4998 


4910 


4910 


2.720 


1.5 


-0.02 


67174 


3856 


3976 


3930 


3930 


0.860 


1.5 


-0.41 


80130 


4745 


4765 


4845 


4765 


2.746 


1.4 


-0.06 


39723 


4209 


4217 


4420 


4217 


1.763 


1.5 


-0.04 


45192 


4359 


4202 


4268 


4202 


1.742 


1.5 


-0.26 


51397 


4551 


4585 


4658 


4585 


2.369 


1.5 


-0.19 


61363 


4792 


4603 


4692 


4692 


2.385 


1.3 


-0.25 


71704 


4756 


4757 


4775 


4775 


2.507 


1.4 


-0.24 


75556 


4312 


4204 


4265 


4204 


1.662 


1.3 


-0.36 


82104 


3837 


3902 


3906 


3902 


0.971 


1.5 


-0.49 


85425 


4670 


4642 


4772 


4772 


2.926 


1.3 


0.18 


90250 


4634 


4650 


4745 


4650 


2.618 


1.4 


0.00 


95463 


4317 


4297 


4336 


4336 


1.985 


1.5 


-0.41 



Table 2. Comparison of stellar parameters between this work 
and previous studios for common stars. 



HD 



^e// 



this work 
log g [Fe/H] 



previous work 
T,}f log g [Fe/H] 



15176 " 4556 
61363 *> 4692 
90250 " 4650 



2.437 
2.385 
2.618 



-0.09 

-0.25 

0.00 



4540 
4762 
4639 



2.63 
2.33 
2.35 



-0.19 
-0.31 
-0.10 



° lMcWilliamll|l990r i: '' iTakeda et"aD l|2008h : " ISchiavonI l|2007h . 

based on the homogeneous, plan e-parallel and local t hermo - 
dynamic equilibrium models by ICastelli fc Kuruca l)2003l ) . 
The program matches observed EWs with theoretical val- 
ues calculated based on the atmospheric model. It takes into 
account natural broadening, van der Waals damping broad- 
ening and thermal broadening. 

We check the con sistency of the st e llar parameters 
with previous stu dies l|McWilliaml Il990l : ISchiavonI l2007l : 
iTakeda et al.l l200g ) for three common stars. The compar- 
ison of the effective temperature, gravity and metallicity of 
these stars is given in Tabled The mean deviation of effec- 
tive temperature ATe// is about 14.3 ± 51.4 K lower than 
others' results. While the gravity difference Alog g is about 
0.04 ± 0.24 dex being higher compared with others. Our 
metallicity presents systematically 0.09 ± 0.11 dex higher 
than those from literature values, which is wi thin the error 
on parameters. Comparing with the results of iTaked a et al.l 
(2008), our metallicity of a comment star HD61363 is a bit 
higher by the order of 0.06 dex, which may come from the 
deviation values of EWs and microturbulence. 

We derive the [X/Fe] ratios of 12 elements (Al, Ba, 
Ca, K, Mg, Mn, Na, Ni, Sc, Si, Ti and V) and plot 
the tren ds in Figure[5] t o Figure[7l together with previous 
works of lLiu et al.l ((20071), hereafter Liu07 and ITakeda et al.l 
([2003), hereafter TakedaOS as comparison. We note that for 
HD44412, most of results deviate seriously from others due 
to much lower SNR of it's spectrum and it is the coolest star 
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Table 3. HFS line list. 



Ion 


A (A) 


EP (eV) 


logs/ 


Ion 


A (A) 


EP (eV) 


logs/ 


Ion 


A (A) 


EP (eV) 


log 9/ 


Ball 


6141.695 


0.70 


-3.177 


Sel 


[ 5526.787 


1.77 


-1.921 


Sell 


6604.609 


1.36 


-2.708 


Ball 


6141.697 


0.70 


-2.063 


Sel 


[ 5526.788 


1.77 


-1.185 


Sell 


6604.611 


1.36 


-2.506 


Ball 


6141.698 


0.70 


-3.039 


Sel 


[ 5526.789 


1.77 


-0.523 


Sell 


6604.613 


1.36 


-2.348 


Ball 


6141.699 


0.70 


-1.176 


Sel 


[ 5526.790 


1.77 


-1.180 


Sell 


6604.615 


1.36 


-2.136 


Ball 


6141.700 


0.70 


-0.166 


Sel 


[ 5526.791 


1.77 


-0.644 


VI 


5737.045 


1.06 


-1.307 


Ball 


6141.701 


0.70 


-1.366 


Sel 


[ 5526.792 


1.77 


-1.368 


VI 


5737.055 


1.06 


-1.380 


Ball 


6141.702 


0.70 


-1.639 


Sel 


[ 5526.793 


1.77 


-0.712 


VI 


5737.063 


1.06 


-1.467 


Ball 


6141.703 


0.70 


-2.229 


Sel 


[ 5526.794 


1.77 


-0.936 


VI 


5737.069 


1.06 


-1.576 


Ball 


6496.888 


0.60 


-2.836 


Sel 


[ 5526.795 


1.77 


-0.854 


VI 


5737.074 


1.06 


-1.722 


Ball 


6496.889 


0.60 


-3.058 


Sel 


[ 5657.886 


1.51 


-1.126 


VI 


5737.077 


1.06 


-1.944 


Ball 


6496.891 


0.60 


-2.132 


Sel 


[ 5657.888 


1.51 


-1.696 


VI 


6090.199 


1.08 


-0.690 


Ball 


6496.892 


0.60 


-2.367 


Sel 


[ 5657.893 


1.51 


-1.696 


VI 


6090.207 


1.08 


-0.831 


Ball 


6496.896 


0.60 


-1.486 


Sel 


[ 5657.894 


1.51 


-1.524 


VI 


6090.213 


1.08 


-0.884 


Ball 


6496.900 


0.60 


-0.466 


Sel 


[ 5657.895 


1.51 


-1.538 


VI 


6090.218 


1.08 


-0.957 


Ball 


6496.906 


0.60 


-2.331 


Sel 


[ 5657.899 


1.51 


-1.538 


VI 


6090.223 


1.08 


-1.055 


Ball 


6496.907 


0.60 


-2.367 


Sel 


[ 5657.901 


1.51 


-2.219 


VI 


6090.225 


1.08 


-2.645 


Ball 


6496.908 


0.60 


-2.132 


Sel 


[ 5657.902 


1.51 


-1.549 


VI 


6090.226 


1.08 


-1.302 


Ball 


6496.910 


0.60 


-2.367 


Sel 


[ 5657.904 


1.51 


-1.549 


VI 


6090.227 


1.08 


-1.837 


Ball 


6496.912 


0.60 


-2.132 


Sel 


[ 5657.906 


1.51 


-1.717 


VI 


6090.228 


1.08 


-2.234 


Mnl 


6016.619 


3.07 


-1.360 


Scl 


[ 5657.908 


1.51 


-1.722 


VI 


6090.229 


1.08 


-1.393 


Mnl 


6016.645 


3.07 


-1.197 


Scl 


[ 5657.909 


1.51 


-1.898 


VI 


6090.231 


1.08 


-1.444 


Mnl 


6016.647 


3.07 


-0.582 


Sel 


[ 5684.190 


1.51 


-1.473 


VI 


6090.232 


1.08 


-1.887 


Mnl 


6016.667 


3.07 


-1.192 


Scl 


[ 5684.191 


1.51 


-1.962 


VI 


6090.233 


1.08 


-1.549 


Mnl 


6016.668 


3.07 


-0.845 


Scl 


[ 5684.193 


1.51 


-2.660 


VI 


6274.607 


0.27 


-2.932 


Mnl 


6016.684 


3.07 


-1.176 


Scl 


[ 5684.204 


1.51 


-1.766 


VI 


6274.629 


0.27 


-2.455 


Mnl 


6016.685 


3.07 


-1.294 


Scl 


[ 5684.205 


1.51 


-1.846 


VI 


6274.641 


0.27 


-2.476 


Mnl 


6016.696 


3.07 


-1.171 


Scl 


[ 5684.206 


1.51 


-2.221 


VI 


6274.655 


0.27 


-2.134 


Mnl 


6016.698 


3.07 


-1.556 


Scl 


[ 5684.215 


1.51 


-2.221 


VI 


6274.657 


0.27 


-2.455 


Mnl 


6016.704 


3.07 


-2.319 


Scl 


[ 5684.216 


1.51 


-1.966 


VI 


6274.678 


0.27 


-2.601 


Mnl 


6016.707 


3.07 


-1.197 


Scl 


[ 5684.217 


1.51 


-1.950 


VI 


6285.098 


0.28 


-3.570 


Mnl 


6016.713 


3.07 


-1.192 


Scl 


[ 6245.621 


1.51 


-1.602 


VI 


6285.117 


0.28 


-3.141 


Mnl 


6016.714 


3.07 


-1.556 


Scl 


[ 6245.629 


1.51 


-2.342 


VI 


6285.122 


0.28 


-2.703 


Mnl 


6016.716 


3.07 


-1.294 


Scl 


[ 6245.631 


1.51 


-1.773 


VI 


6285.134 


0.28 


-2.890 


Mnl 


6021.746 


3.07 


-2.659 


Scl 


[ 6245.636 


1.51 


-3.347 


VI 


6285.137 


0.28 


-2.542 


Mnl 


6021.772 


3.07 


-1.445 


Scl 


[ 6245.638 


1.51 


-2.159 


VI 


6285.148 


0.28 


-2.714 


Mnl 


6021.774 


3.07 


-2.307 


Scl 


[ 6245.640 


1.51 


-1.980 


VI 


6285.149 


0.28 


-2.550 


Mnl 


6021.795 


3.07 


-1.269 


Scl 


[ 6245.644 


1.51 


-2.924 


VI 


6285.152 


0.28 


-2.077 


Mnl 


6021.798 


3.07 


-2.182 


Scl 


[ 6245.646 


1.51 


-2.126 


VI 


6285.157 


0.28 


-2.714 


Mnl 


6021.804 


3.07 


-0.527 


Scl 


[ 6245.647 


1.51 


-2.251 


VI 


6285.162 


0.28 


-2.293 


Mnl 


6021.813 


3.07 


-1.243 


Scl 


[ 6245.650 


1.51 


-2.690 


VI 


6285.168 


0.28 


-2.576 


Mnl 


6021.817 


3.07 


-2.261 


Scl 


[ 6245.651 


1.51 


-2.185 


VI 


6285.172 


0.28 


-3.014 


Mnl 


6021.821 


3.07 


-0.667 


Scl 


[ 6245.652 


1.51 


-2.670 


VI 


6452.309 


1.19 


-2.414 


Mnl 


6021.827 


3.07 


-1.310 


Scl 


[ 6245.655 


1.51 


-2.544 


VI 


6452.312 


1.19 


-2.414 


Mnl 


6021.834 


3.07 


-0.825 


Scl 


[ 6245.656 


1.51 


-2.368 


VI 


6452.316 


1.19 


-2.714 


Mnl 


6021.837 


3.07 


-1.486 


Scl 


[ 6245.657 


1.51 


-2.447 


VI 


6452.319 


1.19 


-2.590 


Mnl 


6021.843 


3.07 


-1.009 


Scl 


[ 6604.582 


1.36 


-2.506 


VI 


6452.323 


1.19 


-2.250 


Mnl 


6021.846 


3.07 


-1.516 


Scl 


[ 6604.590 


1.36 


-2.348 


VI 


6452.328 


1.19 


-2.276 


Mnl 


6021.847 


3.07 


-1.231 


Scl 


[ 6604.594 


1.36 


-1.936 


VI 


6452.333 


1.19 


-2.841 


Sell 


5526.770 


1.77 


-2.666 


Sel 


[ 6604.596 


1.36 


-2.359 


VI 


6452.338 


1.19 


-2.242 


Sell 


5526.775 


1.77 


-2.257 


Sel 


[ 6604.599 


1.36 


-2.334 


VI 


6452.345 


1.19 


-1.993 


Sell 


5526.779 


1.77 


-1.354 


Sel 


[ 6604.602 


1.36 


-2.532 


VI 


6452.351 


1.19 


-3.270 


Sell 


5526.783 


1.77 


-1.167 


Sel 


[ 6604.604 


1.36 


-3.029 


VI 


6452.357 


1.19 


-2.403 


Sell 


5526.786 


1.77 


-1.181 


Sel 


[ 6604.607 


1.36 


-4.465 


VI 


6452.365 


1.19 


-1.777 



in our sample. So we analyze our results without considering 
this star's value. 

The hyper fine structure (HFS) effect has been consid- 
ered for Ba, M n, Sc and V eleme nts. The adopted HFS data 
are taken from I Mc Williaml (|l998l ) and Kurucqj, as presented 



http://kurucz.harvard.edu/linelists.html 



in Table [3] The largest HFS correction is about 0.18 dex for 
[Ba/Fe], -0.35 dex for [Mn/Fe] and -0.08 dex for [Sc/Fe]. For 
V element, the HFS effect can lead to a correction as large 
as -0.55 dex, consistent with Liu07. The discrepancy of ele- 
mental abundances resulting from HFS correction for these 
elements exhibit decreasing trends with increasing metallic- 
ity, as shown in Figure[5l We adopt the results of [Ba/Fe], 
[Mn/Fe], [Sc/Fe] and [V/Fe] with HFS correction. 
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Figure 5. The abundance deviations for Ba, Mn, Sc and V, ob- 
tained by considering HFS effect minus those by neglecting HFS 
versus [Fe/H], asterisk: HD44412. 



We estimate the uncertainties on abundances for our 
sample stars from two sources. One is the internal error due 
to the scatter of our abundance results from individual lines. 
This error is calculated by dividing the standard deviation 
of derived abundances by a square root of the numbers of 
lines used (VjV). Another error comes from the stellar atmo- 
spheric parameters. The effects on the derived abundances 
are estimated by changing the atmospheric parameters. Ta- 
ble [4] presents the abundance deviations due to a change 
by 100 K in effective temperature, 0.15 dex in surface grav- 
ity, 0.2 km s~^ in microturbulence, and 0.1 dex in metallic- 
ity, along with the internal error [ "J^ ), for a typical star 
HD33862 in our sample. The uncertainties on abundances 
for most chemical elements are less than 0.1 dex. 



5 RESULTS AND DISCUSSIONS 

5.1 Abundances between upper red giants and 
red clump giants 

Most of our sample stars belong to upper red giants, which 
have brighter absolute magnitude with cooler effective tem- 
perature than red clump giants, are influenced by stellar 
evolution more seriously. We analyze our results of elemental 
abundances, compared with the work of Liu07 and TakedaOS 



on red clump giants. We find that most chemical elements 
show similar abundance trends with a few exceptions of Al, 
Na and Ba, on which evolution effects contribute signifi- 
cantly. We plot [X/Fe] of Mn, Ni, V, Ca, Mg, Si, Ti, K and 
Sc versus [Fe/H] in Figure[6] and the trends of Al, Na and 
Ba are shown in Figure[71 The abundance ratios of these 
elements for our sample stars are listed in Table [5] 

The iron-peak elements are believed to have the same 
patterns as iron. [Mn/Fe] increase with higher metallicity in 
our work, which is well consistent with TakedaOS. The trend 
of [Ni/Fe] are flat with -0.6 < [Fe/H] < 0.2 for our stars. Our 
results of [Ni/Fe] show systematic higher (~ 0.05 dex) than 
the work of TakedaOS, but our results are well consistent 
with Liu07. The [V/Fe] values show larger scatter for some of 
our stars with relative lower effective temp erature, because 
V I lines are very sensitive to temperature (jAUen fc Barbuvl 
|2006;). Moreover, the V I lines of those stars are so strong 
that it may be contaminated by other lines. 

The a elements are primarily produced by SN II nu- 
cleosynthesis and exhibit enrichment in metal-poor stars 
IjWooslev fc Weaver! I1995I ). All these elements show incre- 
ments towards lower metallicity and exhibit turn off trends 
to flatter patterns at [Fe/H] ~ -0.2 with slightly differ- 
ences, which are in good agreement with previous studies 
of TakedaOS and Liu07. We notice that the trend of [Mg/Fe] 
is steeper than other a elements and our results of [Ti/Fe] 
show a bit larger scatter. 

For odd-Z hght e lements, [K/Fe] ex hibits a larger dis- 
persion as reported bv lWang et al.l ((20111), because only one 
strong line is available. We divide our stellar spectra by 
the spectrum of B-type star HD5394 observed in the same 
night to check the effect of H2O lines. We find no change of 
our results that demonstrate insignificant influence of H2O 
lines for our K I line. [Sc/Fe] shows a flat pattern, which 
is consistent with TakedaOS. [Al/Fe] decreases with increas- 
ing metallicity for [Fe/H] < -0.2, and becomes flat towards 
higher metallicity. Although the trend of [Al/Fe] is similar 
with Liu07, our results are richer at [Fe/H] < -0.4. [Na/Fe] 
also shows enrichment at [Fe/H] < -0.4, which may be due to 
stellar evolution effects. For other stars, the trend of [Na/Fe] 
is consistent with TakedaOS and Liu07. 

Barium is produced mainly by s process, which can be 
used as the stellar evolution tracer. We consider that there 
is a turn off at [Fe/H] ~ -0.2 on th e trend of [Ba/Fe] ver- 
sus [Fe/H], which is consistent with IChen et al.l l|2000l ) and 
Liu07. Yet our results of [Ba/Fe] show enrichment at [Fe/H] 
< -0.4, that indicate those stars are affected seriously by 
evolution process. 



5.2 Abundances analysis of Na, Al, Mg and Ba 

Na a nd Al are thought to be produced in SNe II and SNe 
Ib/c (|Nomoto et al.lll984l ). different relative to the produc- 
tion of Mg. The cycle of Na-Al-Mg is crucial to nucleosynthe- 
sis on our results since they can partly reflect the chemical 
evolution histories of our giants. We plot the abundances of 
Na and Al relative to Mg versu s [Mg/H] in Figure |5] with 
comparison with work by Luck fc Heiterl ([2003), hereafter 
LH07 and Liu07 without NLTE co rrection, since Mg c an be 
seen as a better metallicity tracer (|Cavrel et al.ll2004r ). Our 
results of [Na/Mg] increase smoothly with higher [Mg/H], 
which can be fitted by the relation of [Na/Mg] = 0.007 + 
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Table 4. Estimated errors on elemental abundances for HD33862. 



A 


Vlv 


ATe// 


Alogg 


Aet 


A[Fe/H] 


O'Total 






(+100K) 


(+0.15) 


(+0.2) 


(+0.1) 




A[FeI/H] 


0.008 


-0.060 


-0.013 


0.067 


-0.012 


0.092 


A[FeII/H] 


0.027 


0.087 


-0.078 


0.057 


-0.040 


0.139 


A[A1I/Fe] 


0.070 


0.001 


0.022 


-0.053 


0.010 


0.091 


A[BaII/Fo] 


0.001 


0.007 


0.003 


0.048 


-0.045 


0.066 


A[CaI/Fe] 


0.034 


-0.039 


0.034 


0.019 


0.011 


0.066 


A[K I/Fe] 


_ _ _ a 


-0.057 


0.054 


0.032 


0.005 


0.085 


A[MgI/Fe] 


0.018 


0.006 


0.031 


-0.023 


0.002 


0.043 


A[MnI/Fe] 


0.030 


-0.049 


0.041 


0.056 


-0.013 


0.091 


A[NaI/Fe] 


0.013 


-0.023 


0.030 


-0.022 


0.010 


0.047 


A[NiI/Fe] 


0.014 


0.010 


-0.004 


0.021 


-0.010 


0.029 


A[ScII/Fe] 


0.028 


0.066 


-0.045 


0.018 


-0.024 


0.090 


A[SiI/Fe] 


0.026 


0.074 


-0.014 


-0.034 


-0.009 


0.087 


A[TiI/Fe] 


0.047 


-0.072 


0.015 


-0.030 


0.012 


0.093 


A[TiII/Fe] 


... a 


0.065 


-0.045 


0.067 


-0.021 


0.106 


A[V I/Fe] 


0.032 


-0.108 


0.012 


-0.008 


0.018 


0.115 



° Only one line is available. 
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Figure 6. Abundance ratio [X/Fe] for Mn, Ni, V, Ca, Mg, Si, T i, K and Sc versus [Fe/H]. F illed circles: moving group 6, open circles; 
moving group 7, asterisk: HD44412, crosses: pTakeda et al.l ||2008| ). rectangles: iLiu et aU ||2007|) . 
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Table 5. Stellar abundance ratios [X/Fe]. 



HD [Al/Fe] [Ba/Fe] [Ca/Fe] [ K/Fe] [Mg/Fe] [Mn/Fe] [Na/Fe] [Ni/Fe] [Sc/Fe] [Si/Fe] [Ti/Fe] [ V/Fe] 



15176 


0.13 


0.26 


0.01 


-0.14 


0.03 


-0.05 


0.09 


0.07 


-0.04 


0.08 


0.02 


-0.05 


26526 


0.33 


0.49 


0.23 


0.07 


0.24 


-0.07 


0.35 


0.06 


0.04 


0.13 


0.17 


0.15 


33862 


0.16 


0.15 


0.09 


0.08 


0.11 


-0.10 


0.12 


0.06 


-0.00 


0.13 


0.04 


-0.00 


34303 


0.06 


0.05 


-0.13 


-0.24 


0.02 


-0.00 


0.09 


0.07 


0.04 


0.03 


-0.03 


-0.00 


40331 


0.08 


0.40 


0.02 


-0.27 


0.04 


-0.11 


0.09 


0.02 


0.02 


0.07 


0.05 


-0.10 


44412 


0.75 


0.17 


0.06 




0.53 


0.01 


0.32 


0.13 


-0.49 


0.38 


-0.08 


0.15 


48073 


0.15 


0.26 


0.04 


-0.01 


0.02 


-0.03 


0.20 


0.04 


-0.01 


0.03 


0.03 


0.09 


67174 


0.22 


0.61 


0.17 


-0.03 


0.14 


-0.12 


0.16 


0.11 


-0.07 


0.13 


0.10 


0.17 


80130 


0.10 


0.28 


-0.02 


-0.09 


0.07 


-0.10 


0.05 


0.03 


0.02 


0.11 


-0.04 


-0.02 


39723 


0.19 


0.35 


0.04 


-0.28 


0.10 


-0.00 


0.24 


0.11 


-0.05 


0.16 


-0.03 


-0.04 


45192 


0.21 


0.23 


0.03 


-0.29 


0.21 


-0.14 


0.15 


0.03 


-0.06 


0.22 


-0.03 


-0.21 


51397 


0.24 


0.19 


0.01 


-0.14 


0.13 


-0.10 


0.11 


0.05 


-0.06 


0.13 


-0.03 


-0.04 


61363 


0.12 


0.28 


0.11 


0.01 


0.14 


-0.14 


0.17 


0.06 


0.04 


0.14 


-0.04 


-0.05 


71704 


0.19 


0.18 


0.13 


0.02 


0.16 


-0.09 


0.09 


0.07 


0.02 


0.14 


0.03 


0.03 


75556 


0.29 


0.05 


0.10 


-0.13 


0.31 


-0.14 


0.12 


0.06 


0.01 


0.17 


0.04 


-0.08 


82104 


0.46 


0.35 


0.16 


0.00 


0.32 


-0.12 


0.32 


0.09 


-0.01 


0.25 


0.17 


0.31 


85425 


0.06 


0.12 


-0.04 


-0.21 


0.07 


0.04 


0.11 


0.07 


-0.01 


0.13 


0.02 


0.03 


90250 


0.10 


0.10 


-0.05 


-0.15 


0.09 


-0.07 


0.08 


0.08 


-0.02 


0.14 


-0.05 


-0.01 


95463 


0.27 


0.08 


0.10 


-0.09 


0.22 


-0.05 


0.15 


0.10 


0.06 


0.16 


0.15 


0.09 



Note: HFS corrections have been adopted for [Ba/Fc], [Mn/Fc], [Sc/Fc] and [V/Fe], 






-0.6 -0.4 -0.2 




Figure 7. Abundance ratio [X/Fe] for Al, Na and Ba versus 
[Fe/H]. Filled circles: moving gr oup 6, open ci rcles: moving group 
7, asterisk: HI) 44412, crosses: iTakeda et al.l (,2008 '). rectangles: 
JLiZiial] liool). 



0.064 [Mg/H], while the results of Liu07 show steeper in- 
creasing trend. Results of LH07 show larger scatter so that 
we can hardly find exphcit relation. Our results of [Na/Mg] 
display overabundance at lower [Mg/H] , with respect to that 
of Liu07, for those stars which have evolved to upper-tip red 
giant branch. The reason is that the abundance of Na will 
be enriched as a result of Ne-Na cycle from deeper layers be- 
ing dredged to the surf ace, and has also been found in some 
studi es of giants ([Andrievskv et al.l l2002l : iMishenina et al.l 
|200y) . Our results of [Al/Mg] decrease slightly with increas- 
ing [Mg/H], which have the relation of [Al/Mg] = 0.054 - 
0.116 [Mg/H], different with the trend of Liu07 but consis- 
tent with that of LH07, may also due to the effects of evolu- 
tion since the sample of LH07 has wider range of evolution 
than that of Liu07. The trends of Na-Al-Mg indicate that 
Mg abundances are less affected by possible nucleosyn thesis 
and mixing than that of Na or Al (JLanger et al.lll993l ). 

We find that our results of most elemental abundances 
are in good agreements between moving group 6 and 7, only 
except for Mg and Ba elements. [Mg/Fe] of moving group 7 
stars are a bit higher (~ 0.04 dex) than the results of stars 
from moving group 6. We also notice that [Ba/Fe] values of 
moving group 7 stars are a bit smaller (~ 0.10 dex) than that 
of moving group 6 stars, which is in contrast with the re- 
sults of [Mg/Fe] . The trends of [Ba/Fe] versus metallicity for 
two moving group stars show discrepancy too. The contrast 
trends of Mg and Ba demonstrate that these two elements 
are pre dominantly synthes ized in different progenitor mass 
ranges (|Arnone et al.ll2005r ). 

Considered that [Ba/H] is a better indicator for in- 
vestigating evolution effect, we plot the abundance ratio 
[Mg/Ba] versus [Ba/H] in Figure|9] which shows the decreas- 
ing trend of [Mg/Ba] with higher [Ba/H] for both moving 
groups, representing the anticorrelation of abundances be- 
tween Ba and M g . We compare our results with the work of 
lAUen fc Barbuvl lJ2006h . whose sample include giants, sub- 
giants and dwarfs for barium-rich stars to investigate the 
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Fig ure 8. Abundance rat io [Na/Mg] and [AI/Mg] versus [Mg/H]. Left panel; comparison with lLiu et al.l (|2007|), right panel: compariso n 
with lLuck &: He itej 112007 ). Fil led circles: moving group 6, open circles: moving group 7, asterisk: HD44412, rectangles: iLiu et al.l 1 120071) , 
triangles: iLuck fc Heiterl ||2007| '1 . 



effect of evolution better. Although the ranges of [Ba/H] are 
different in these two samples, the trend of [Mg/Ba] versus 
[Ba/H] shows consistency which can be well fitted by a linear 
re lation o f [Mg/Ba] = -0.116 - 1.184 [Ba/H], based on data 
of lAllen fc Barbuv ( 2006 ) and our results. The reason is that 
probable s process sites are th e atmospheres of stars on the 
AGB stars (JBusso et al.lll999r ). which is different from that 
of Mg element, essentially all produced by SN H explosion. 
Although our sample stars are not barium rich stars, the 
evolution effect can be reduced by comparison of stars with 
similar [Ba/H] ratios. We notice that the values of [Mg/Ba] 
are higher for moving group 7 stars than stars of moving 
group 6, as shown in the box region of Figure[21 Such dif- 
ferences may indicate distinct chemical evolution traces of 
these two moving groups. 



5.3 Kinematic analysis 

To further investigate the origins and evolution traces of 
moving groups 6 and 7, it is valuable to carefully analyze 
our abundance results of some chemical elements with dy- 
namical effects. The kinematical paramete rs of our sample 
stars are taken from iFamaev et al.l (|2005l ). Stars of mov- 
ing group 7 have smaller values of minimum Galactocentric 
distance (Rmin) and higher mean height towards Galactic 
disk (Zmax) than those of moving group 6, corresponding to 
th eir larger Galactic veloc ity of (U, V) values as described 
bv lNordstrom et al.l l|2004r ). We plot the abundance ratios of 
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Figure 9. Abundance ratio [Mg/Ba] versus [Ba/H]. Filled circles: 
moving group 6, open circles: moving group 7, as terisk: HD44412, 
filled triangles: stars with log g < 3.0 from lAUen fc Barbuvl 
1120061 ). open triangles: other stars from the same literature. 



[Mg/Ba] for our stars with kinematical parameters of Rmin 
and Z,nax in Figure fTOl to analyze the abundances discrep- 
ancy between moving group 6 and 7 which have opposite 
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Figure 10. Abundance ratio [Mg/Ba] versus Rmin and Zmax- 
Filled circles: moving group 6, open circles: moving group 7. 



U-velocity. We select stars carefully from the box area with 
[Ba/H] ~ in Figure[H] to reduce the effects of stellar evo- 
lution and find that the mean value of [Mg/Ba] is -0.072 
± 0.090 for moving group 7 and -0.229 ± 0.147 for mov- 
ing group 6, with the discrepancy of about 0.16 dex, which 
may hint the kinematics from their different Rmin (see Fig- 
ure llOp . The scatter of the results are a bit larger for mov- 
ing group 6, which show dependences on Zmax- In spite of 
that, the distinction of [Mg/Ba] between these two moving 
groups can not be eliminated by other factors so that we can 
set the conclusion elaborately that such abundance discrep- 
ancy may indicate the different chemical synthesis histories 
of both moving groups. We find no explicit relations of Mg 
and Ba abundances with different Zmax- 

We plot [Fe/H] distributions with the mean Galacto- 
centric distances {Rg) in Figurellll together with previous 
studies on open clusters llFriel et al]|2002l; lYong et al]l2005l : 
iBragaglia et al.l 120081 : IPancino et al.l 120101 ) as comparison. 
The metallicity of our stars from each moving group cover a 
wider range than that of open clusters at Rg ~ 7.5 kpc. The 
values of [Fe/H] spread out to about -0.5 dex for our sam- 
ple, which is different from that of open clusters with -0.2 
< [Fe/H] < 0.2. The metallicity scatter of our sample stars 
from moving group 6 and 7 are 0.22 and 0.20 dex, which are 
much larger than those of open clusters with scatter less than 
0.05 dex. Such wider metallicity range and larger abundance 
scatter point out chemical inhomogeneity of moving group 
6 and 7, although each of them has kinematic coherence in 
the velocity space. The inhomogeneity of these two moving 
groups, different from open clusters, may indicate that the 
stars of moving group 6 and 7 have different chemical origins 
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Figure 11. [Fe/H] versus Rg- Filled circles: moving group 
6, open circles: m o ving g roup 7, asterisk: HD44412, fi ll ed tr i- 
angles: iFriel et all ||2002|'). open triangles: lYone et al.l ll2005tl : 
IBragaglia et al.l ll2008l) : |Pancino et al.l ll2010h . 



before they were kinematically gathered and both moving 
groups are not the dispersed remnants of clusters or star- 
forming events, but rather result from the kinematic effects 
of the Galactic spiral structure so that we would not ex- 
pect these kinematic groups to be chemically homogeneous 
and coeval. Our results of moving group 6 and 7, which show 
distinct behaviors with respect to open clusters, support the 
hypothesis with mechanisms of dynamical resonance. 



6 CONCLUSION 

In this work we determine the stellar atmospheric param- 
eters and chemical abundances of 19 K-type giants from 
moving group 6 and 7, which have anti-U velocity towards 
Galactic center, based on high resolution spectra obtained 
at BOAO, covering the metallicity range -0.6 < [Fe/H] < 
0.2. From the results of abundances combined with kine- 
matical parameters, we conclude that abundances of most 
elements show similar trends with previous studies on gi- 
ants (Liu07; TakedaOS) except for Al, Na and Ba, because of 
evolution effects on our upper red giants. The iron-peak ele- 
ments have the same patterns as iron, a elements — Ca, Mg, 
Si, Ti exhibit increasing trends towards lower metallicity and 
show the turn off trends to flatter patterns at [Fe/H] ~ -0.2. 
[K/Fe] exhibits a larger dispersion while [Sc/Fe] shows flat 
solar pattern. The abundances of Al, Na and Ba exhibit 
overabundances at [Fe/H] < -0.4 for the more evolved stars. 
Our results of [Na/Mg] increase smoothly with higher 
[Mg/H] and [Al/Mg] decrease slightly with increasing 
[Mg/H], which are affected by stellar internal evolution sig- 
nificantly. The abundance ratios [Mg/Ba] of moving group 6 
and 7 stars with similar [Ba/H] ~ are distinct by the order 
of 0.16 dex, which could come from their distinct chemical 
evolution histories corresponding to their different kinemat- 
ics. The inhomogeneous [Fe/H] values of these two moving 
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group stars present diflferent chemical origins for stars from 
both moving groups and favor the dynamical resonant the- 
ory. Future works need to be done by enlarging the sample 
of stars and spreading out to other moving groups to fur- 
ther investigate the origins and evolution of these kinematic 
structures in the Galaxy. 
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SUPPLEMENTARY MATERIAL 

The following supplementary material is available for this 
article online: 

Table 6. All atomic-line data used for each sample star. 
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